Mycolactone molecules are responsible of Buruli ulcer disease. In this work, we are interested in the geometric, energetic and spectroscopic characterization of the hydrogen bonding interactions in mycolactone A/B, using quantum chemical method, especially ONIOM(HF/6-311+G(d,p):AM1) and ONIOM (B3LYP/6-311+G(d,p):AM1) levels. ONIOM two layers method has been used because mycolactones compounds are very large, taking into account diffuse and polarization functions are important whenever the matter is intermolecular interactions. Geometric, energetic and spectroscopic parameters of hydrogen bonding reaction on each of the nine oxygen heteroatoms of mycolactone A/B have revealed that the O 5 sp 2 heteroatom is far away the hydrogen bonding site. The identification of such a site constitutes a tool for working out a methodology for the annihilation of the destruction effects of mycolactones.
Introduction
Buruli ulcer is a disease caused by Mycobacterium ulcerans, a microorganism belonging to the family of bacteria responsible for tuberculosis and leprosy [1] .
Longtime neglected, this disease that prevails in tropical and subtropical humid countries, has increased in West Africa since 1980 [2] . This situation led the World Health Organization (WHO) to classify this disease as emerging and to recognize it as a public health and development problem [3] . Mycobacterium ulcerans secretes a toxin called mycolactone, responsible for extremely deep tis-sue damage, because of its cytotoxic and immunosuppressive properties. Nowadays, six (06) different natural molecular structures of mycolactones named A/B, C, D, E, F and G, have been isolated [4] . The mycolactone is constituted of a lactone ring linked to two lateral chains. Especially, the form A/B is the subject of this study (Figure 1 ).
Despite the progress in medical management, the therapeutic arsenal against Buruli ulcer remains limited [5] . Indeed, antibiotic therapy and restorative surgery remain the reference treatment, with high cost and numerous relapses (16% to 28%), in case of serious infection [6] . The mode of the toxin's action remains unknown. The relationship between mycolactone and the proteins responsible for the appearance of Buruli ulcer are related to the conformation of the molecules and their intermolecular interactions. Hydrogen bond is one of the most important inter-molecular interactions involved in supramolecular chemistry, protein-ligand interactions [7] [8] and especially crystal engineering [9] [10].
Polyfunctional molecules, generally, comprise several heteroatoms which are capable to receive Hydrogen bonds. This work, part of Buruli ulcer control program, focuses on mycolactones A/B. It aims to determine, by quantum chemical methods, some physicochemical properties of these mycolactone molecules, in particular, geometric and energetic parameters of the hydrogen bonds established on the heteroatoms, in order to determine hydrogen bonding site. Final aim is to propose an experimental methodology of the annihilation of the destructive effects of mycolactone A/B.
Experimentation Section

Computational Details
Mycolactone A/B possesses nine (09) heteroatoms, all those are sp 2 or sp 3 hybridized oxygen atoms, shown in red color at a 3D molecular structure of mycolactone A/B (Figure 2 ). Heteroatoms are numbered from 1 to 9 and these numbers will also correspond respectively to the names of the different hydrogen bond complexes.
ONIOM method, developed by Morokuma et al. [11] , is used because of the Figure 3 .
All calculations were performed, using Gaussian 03 software [12] 
Geometry Optimization
Nine hydrogen bond complexes were constructed on each of the oxygen heteroatoms, a water molecule being the probe, as Hydrogen Bonding Donor. Such hydrogen bond can be characterized by geometric parameters ( Figure 4 ).
Before optimization, for all complexes, the angle of the linearity α has been set at 180˚ and the angle of the directionality β, at 109.5˚ for sp These values correspond respectively to the angles and the minimum approach distance of the hydrogen bond [14] . 
Energetic Parameters
Hydrogen bonding between a donor molecule H X − and an acceptor molecule Y A − occurs according reaction 2. The Hydrogen bond complex Y A H X − − is the product. The variation in electronic energy, at 0 K, is given by Equation (3):
The internal energy, at 298.15 K, corresponds to the sum of the electronic, ro-tational, translational and vibrational contributions, so that it' variation can be written according Equation (4):
Geometry optimization of both reactants and products, gives access to all contributions (including nuclear repulsion energies). In ideal gas approximation, rotational and translational contributions are given according Equation (5): 
As a result, internal energy variation at 298.15 K is given by Equation (7):
Enthalpy and free enthalpy variations, At 298.15 K, enthalpy and free enthalpy are respectively given by Equations (8) and (9), and entropy variation, by Equation (11):
where
Spectroscopic Parameters
Spectroscopic descriptors can serve as Hydrogen bond scale. The X-H bond linking the donor atom X and the hydrogen atom H increases or decreases according Hydrogen bond's strength. Therefore the stretch vibration wave-number can be measured. When the donor is a water molecule, the displacement ( )
is the scale, and respectively for sp 2 and sp 3 oxygen atoms, this scale is defined according Relations (11) and (12): 
Results and Discussion
Geometric Parameters
All geometry optimizations succeeded at the two levels of computation. Examples of initial guess geometry and then optimized geometries of two hydrogen bond complexes are shown in Figure 6 . Geometric parameters are given in Table 1. . Values of geometric parameters computed at ONIOM (B3LYP/6-311+G(d,p):AM1) level don't allow an undoubtedly conclusion about the major hydrogen bonding site.
Energetic Parameters
All values of enthalpy
298
Δ r H° are negative, whatever the calculation level, meaning that all hydrogen bonding process are exothermic ( 
Spectroscopic Parameters
All frequency shifts are positive (Table 3) 
Conclusion
ONIOM two layers method has been successfully used to identify mycolactone 
